Continuous separation of high molecular weight compounds using a microliter volume free-flow electrophoresis microstructure.
A microliter volume free-flow electrophoresis microstructure (μ-FFE) was used to perform a continuous separation of high molecular weight compounds. The μ-FFE microstructure had a separation bed volume of 25 μL and was fabricated from silicon using standard micromachining technology. Laser-induced fluorescence was used to detect the sample components, which were labeled with fluorescein isothiocyanate (FITC) prior to analysis. The continuous separation of human serum albumin (HSA), bradykinin, and ribonuclease A demonstrated that only 25 V/cm was required to isolate HSA from bradykinin and ribonuclease A, while 100 V/cm was needed for the separation of bradykinin from ribonuclease A. Comparison of the observed band broadening with the theoretical variance indicated that dispersion due to the initial bandwidth, diffusion, and hydrodynamic broadening were the main contributors to the band broadening of HSA and bradykinin. However, the band broadening for ribonuclease A could not be sufficiently accounted for using the above contributors. Adsorption was found to be a possible contributor to the overall variance for ribonuclease A. Calculation of the theoretical variance due to Joule heating indicated that broadening due to Joule heating effects was insignificant. This was likely due to the narrow cross-sectional area of the device, which facilitated efficient cooling. Electrohydrodynamic distortion was observed for HSA as it migrated toward the side bed. Studies of the resolution of bradykinin and ribonuclease A as a function of field strength at various sample and carrier flow rates indicated that, for maximum throughput, high field strengths and high flow rates were required. However, no optimal conditions were found. The μ-FFE device has a peak capacity of ∼8 bands/cm, while for a typical separation of proteins using a commercial system, a peak capacity of 10 bands/cm is obtained. Thus, the resolving power of the μ-FFE device is similar to those of conventional systems. The continuous separation of tryptic digests of mellitin and cytochrome c demonstrated the ability to continuously separate more complex mixtures. Finally, modifications were made to the microstructure to facilitate fraction collection, and the fractionation of whole rat plasma was performed. Off-line analysis of the resulting fractions indicated that the complete isolation of serum albumin and globulins was possible using a field strength of 25 V/cm.